2000-292799.doc -1 -

JP2000-292799E
[Title of the Invention] LIQUID CRYSTAL DISPLAY DEVICE

AND MANUFACTURING THEREOF

[Abstract]

{Object] The present invention provides a method for the
production of a liguid crystal display device in which
uniform display can be obtained over the display screen.

{Solving Means] In the production of a liquid crystal
display device by laminating a pair of substrates 2 having
electrodes with a spacer 4 interposed with a photo-setting
sealing material 3 to form a cell and by filling the cell
with a liquid crystal 5a, the cell is filled with a liquid
crystal 5a mixed with a photo-initiating agent which is
contained in the sealing material 3. Moreover, the whole
surface of the liquid crysfal cell filled with the liquid
crystal is irradiated with light 1 to harden the sealing
material 3.

[Claims]

[Claim 1] A manufacturing method of a liquid crystal
display device: in manufacturing a liquid crystal display
device by filling up with a liquid crystal a cell jointed a
pair of substrates having electrodes with a photo-setting
sealing material via a spacer, filling up a ligquid crystal
mixed with a photo-initiating agent which is contained in-

said sealing material in the cell.
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[Claim Zj A manufacturing method of a liquid crystal
display device: in manufacturing a liquid crystal display
device by filling up a liquid crystal between cells jointed
a pair of substrates having electrodes with a photo-setting
sealing material via a spacer and setting the photo-setting
sealing material, setting the sealing material by filling up
a liquid crystal mixed with a photo-initiating agent which
is contained in said photo-setting sealing material in the
cell and illuminating light on the front side of the cell

filling up a liquid crystal.

[Claim 3] The method of claim 1 or 2, wherein the filling
up with a liquid crystal the cell is that is filled by
jointing a pair of substrates by coating the sealing
material outside at least one of a pair of substrates having
electrodes and laminating the liquid crystal inside the

sealing material of substrate coating the material.

[Claim 4] The method of anyone of claim 1 to 3, using an
acrylic ultraviolet radiation setting sealing material as a
sealing material and a liquid crystal mixed with photo-
initiating agent of at least of ACETOFENON, BENZOIN and
BENZOFENON which are contained in this sealing material.

[Claim 5] The method . of anyone of <c¢laim 1 to 4,
illuminating an ultraviolet radiation of wavelength of
330~400nm and strength of 3000~5000mJ/cm® in the liquid

crystal cell.
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[Claim 6] A liquid crystal display device fiiling up with
a liquid crystal a cell jointed a pair of substrates having
electrodes with a photo-setting sealing material via a
spacer, wherein a photo-initiating agent being contained in
the sealiné material is uniformly distributed in the liquid

crystal cell.

[Detailed Description of the Invention]
[0001]

[Technical Field of the Invention]

The present invention relates to a method for producing
a liquid crystal display device filling a liquid crystal in
a cell jointed a pair of substrates having electrodes with a

photo-setting sealing material via a spacer.

[0002]

[Description of the Related Art]

A liquid crystal display device is formed by filling
liquid crystal in a cell jointed a pair of substrates having
electrodes performed alignment process with a photo-setting
sealing material via a spacer. As a filling method of the
liquid crystal in the cell, it is known methods of vacuum
implantation and lamination.

[0003]

In method of vacuum implantation, first a cell is

produced by jointing using alignment apparatus, constantly
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maintaining a gap between substrates by compressing it,
setting the sealing material by ultraviolet or heat, and
cutting with necessary terminal portion remain. After the
obtained cell is disposed in a vacuum tube and rendered it
in decompression state, an injection hole of the cell is
deposited in.the liquid crystal, and then the cell is opened
in atmosphere to use capillary phenomenon of the liquid
crystal, therefore the cell is filled with the liquid
crystal.

[0004]
Lastly, the liquid crystal display device is obtained

by extruding the remaining liquid crystal and encapsulating
the injection hole wusing an ultraviolet curing resin.
Meanwhile, the lamination method provides a liquid crystal

material by required amount using a liquid discharge valve.

[0005]

The liquid crystal display device is then acquired by
jointing the_substrate that laminates this liquid crystal
with the other substrate, hiding the display unit with a
mask in other to prevent ultraviolet deterioration of the
liquid crystal, setting the sealing material by illuminating
ultraviolet only to seal portion.

[0006]

[Problems to be Solved by the Invention]

However, in method of wvacuum implantation, because the



2000-292799.doc -5 -

‘bigger the cell size, the longer implantation time of the
liquid crystal, it is difficult to respond to a large amount
of production. Meanwhile, the lamination method can greatly
be reduced implantation time because of directly supplying
the liquid crystal on the substrate in required amount by
liquid discharge valve, and can constantly maintain
implantation time regardless a panel size, therefore it is
easy to respond a large amount of production.

[0007]

However, in method of lamination, because of performing
setting of the sealing material by illuminating ultraviolet
after liquid crystal implantation, the sealing material is
melt out into the liquid crystal by contacting sealing
material with the liquid crystal material in non-setting
state liquid crystal or an ultraviolet light is illuminated
on the liquid crystal by those such as a mask mismatching or
a mask deterioration in setting of the sealing material
thereby partiaily occurring a liquid crystal deterioration,
there was a problem that a display in a peripheral portion
of sealing material and inside a panel is non-uniformed.

[0008]

In addition, if the sealing material is not completely
set due to a lack of ultraviolet strength, because a main
component included in the sealing material melts out into

the liquid crystal, the display may be non-uniformed in
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peripheral portion of the sealing material. Since, inter
alia, the photo-initiating agent which has a function as a
trigger which is contained in the sealing material and
starts and sets the polymerization of the sealing material
by optical irradiation has a strong ionicity, when this
photo~-initiating agent is melted out into liquid crystal and
voltage is applied, a photo-initiating agent reduces the
effective value of. the applied voltage, or it is adhered to
the alignment layer, the alignment of a liquid crystal
molecule is distributed, the display difference in the
central portion of panel is caused, and there is a problem
that a display becomes non-uniformly.

[0009]

Similarly, also in the above-mentioned vacuum injection
method, if it is not enough setting to the ultraviolet
curing resin used for séaling, a component which is
contained in the ultraviolet curing.resin is melted out into
the liquid crystal and generated a bad display on the
seéling'portion. The present invention solves the above
problems, and provides the manufacturing method of a liquid
crystal display device that a uniform display can be
obtained because there is no difference in a display in the
peripheral part of sealing material and the central part of
panel.

[0010]
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[Means for Solving the Problems]

The manufacturing method of the liquid crystal display
device of the invention is characterized by specializing the
sequence which fills up liquid crystal in a cell, and the
construction of the 1liquid crystal. According to the
present invention, there is no display difference between
the peripheral part of a seal material and the central part
of display screen, and the liquid crystal dis?lay device
from which a uniform display is obtained over the whole
surface of a display screen can be obtained.

[0011]

[Operation]

The manufacturing method of the liquid crystal display
device described in claim 1 is characterized by in
manufacturing a liquid crystal display device by filling up
with a liquid crystal a cell jointed a pair of substrates
having electrodes with a photo-setting sealing material via
a spacer, filling up a liquid crystal mixed with a photo-
initiating agent which is contained in said sealing material
in the cell.

[0012]

According to this construction, concentration of the
ionicity substance in liquid crystal can be made uniform,
thus there is no display difference between a peripheral

part of sealing material and the central part of display
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screen, and the 1liquid crystal display device having a
uniform display can be obtained over the whole surface of a
display screen. The manufacturing method of the liquid
crystal display device described in claim 2 is characterized
by in manufacturing a 1liquid crystal display device by
>filling up a liqdid crystal between cells jointed a pair of
substrates having electrodes with a photo-setting sealing
material via a spacer and setting the photo-setting sealing
material, setting the sealing material by filling up a
liquid crystal mixed with a photo-initiating agent which is
contained in said photo-setting sealing material in the cell
and illuminating light on the front side of the cell filling
up a liquid crystal.

[0013]

According to this construction, a complete setting of
sealing material can be realized by performing optical
irradiation over whole surface of a cell, and thus it can be
prevented that the display between the peripheral part of
sealing material and the central part of display screen is
non-uniformed by being melted out into the.liquid crystal of
the photo-initiating agent contained in sealing material.
Moreover, the mask alignment equipment at the time of
performing optical irradiation in setting a seal can be
omitted, and the manufacturing process of a liquid crystal

display device can be simplified.
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[0014]

The manufacturing method of the liquid crystal display
device described in claim 3 is characterized that the method
of claim 1 or 2, wherein the filling up with a liquid
crystal the cell is that is filled by jointing a pair of
substrates by coating the sealing material outside at least
one of a pair of substrates having electrodes and laminating
the liquid crystal inside the sealing material of substrate
coating the material. The manufacturing method of the
liquid crystal display device described in c¢laim 4 is
characterized that the method of anyone of claim 1 to 3,
using an acrylic wultraviolet radiation setting sealing
material as a sealing material and a liquid crystal mixed
with photo-initiating agent of at least of ACETOFENON,
BENZOIN and BENZOFENON which are contained in this sealing
material. |

[0015]

The manufacturing method of the liquid crystal display
device described in claim 5 is characterized that the method
of anyone of claim 1 to 4, illuminating an ultraviolet
radiation of wavelength of 330~400nm and strength of
3000~5000mJ/cm®  in the liquid crystal cell. The
manufacturing method of the liquid crystal display device
described in claim 6 is characterized that a liquid crystal

display device filling up with a 1liquid crystal a cell
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jointed a pair of substrates having electrodés with a photo-
setting sealing material via a spacer, wherein a photo-
initiating agent being contained in the sealing material is
uniformly distributed in the liquid crystal cell.

[0016]

Hereafter, the embodiments of this invention will be
explained. Fig. 1 shows an embodiment of this invention.
In this embodiment, in manufacturing the 1liquid crystal
display device by filling up with liquid crystal the cell
which joint a pair of substrates 2 having electrodes with
the photo-setting sealing material 3 wvia the spacer 4, a
liquid crystal 5a which mixed with the photo-initiating
agent contained in the sealing material 3 is filled up into
the above cell.

[0017]

And, 1light is irradiated over whole surface of the
ligquid crystal cell after being filled up with liquid
crystal, and the photo-setting sealing material 3 is set.
Filling up with the liquid crystal a cell is the filling up
with a liquid crystal the cell is performed in so called
lamination method that a cell is filled up by jointing a
pair of substrates by coating the sealing material 3 outside
at least one of a pair of substrates 2 having electrodes and
laminating the liquid crystal inside the sealing material of

substrate coating the material 3.
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[0018]

As photo-setting sealing material 3, acrylic
ultraviolet curing seal material can be used suitably, and
liquid crystal 5a which mixed with the at least one photo-
initiating agent of the ACETOFENON, BENZOIN and BENZOFENON
contained in this seal material, or a substaﬁce having- a
similar function to this may be used. In the case of using
the acrylic ultraviolet curing seal material 3 as mentioned
above, it performs illumination of an wultraviolet 1 of
wavelength of 330~400nm and strength of 3000~5000mJ/cm® in
the liquid crystal cell.

[0019]

In this embodiment, although the conventional
ultraviolet irradiation has been performed on condition that
the wavelength of 250~400nm and the strength 3000~5000mJ/cm?
even 1if it irradiates ultraviolet over whole surface of a
liquid crystal cell without using a mask as mentioned above,
a degradation of 1liquid <crystal can be suppressed by
performing ultraviolet illumination in the higher band than
conventional wavelength band.

Since the liquid crystal display device manufactured as
mentioned above is what the photo-initiating agent contained
in the sealing material is distributed uniformly over liquid
crystal, the concentration of an ionicity substance becomes

uniform in a whole 1liquid crystal, there is no display

4
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difference between the peripheral part of sealing material
and the central part of display screen by melting out of the
‘photo—initiating agent contained in sealing material, and
the liquid crystal display device of a uniform display is
obtained.

[0020]

Hereafter, the embodiment of this invention will be
explained based on the example of comparison and embodiment

a case of the operation.

(Example of Comparison]

Fig. 2 shows the ultraviolet irradiation to the
conventional liquid crystal cell. It arranges so that the
openings 8a and 8b of a mask 6 may correspond to the liquid
‘crystal cell which injected laminated the liquid crystal by
the lamination method in the coating position of the sealing
material 3, and ultraviolet 1 are irradiated via a mask 6 at
the sealing material 3. |

[0021]

At this time, setting of the sealing material 3 may
become inadequate by mask declination or degradation of a
mask 6 etc., and the ingredient of the seal material 6 may
melt out in liquid crystal 5b. If the melting out of the
ingredient of the sealing material 6 to the inside of such

liquid crystal b5b occurs, the ion ingredient of 1liquid
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crystal 5b of the peripheral part of a sealing material 3
will increase, and the degree of conduction of a 1liquid
crystal cell will become high comp&red with the central part.
Consequently, the threshold of the peripheral part of the
seal material 3 becomes higher than the central part, and
the 1liquid crystal degradation portion 7 occurs in the
peripheral part of the seal material 3, and this liquid
crystal degradation portion 7 seems.to be display spot.

[0022]

Table 1 shows a relation between a change of the degree
of conduction of liquid crystal when the ingredient of the
seal material 3 is dissolved into liquid crystal 5b and the
display quality. In addition, the display quality of a
liquid crystal display device is estimated by viewing with
human eye, namely the state of a good display quality is
represented with O and further state that spots generate in
a low frequency region (1lHz) although there is no problem on

a real drive is represented with 2 .

[0023]
[Table 1]
Degree of Display quality
Neqlect conduction of of liquid
(t:L‘me liquid crystal crystal display
min) device
1 8.00X 107% °©
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3 6.70X 10793 o
5 7.20X 10793 o
30 9.50X 10793 ' s

If the neglect time of the non-set sealing material 3
becomes long as shown in Table 1, the amount of melting out
into 1liquid crystal 5b of the ingredient in the sealing
material 3 will increase, and the degree of conduction of
liquid crystal 5b will become high. In connection with it,
the display quality of a liquid crystal display device falls.
In other to specify the ingredient of the sealing material 3
which affects the display quality of a 1liquid crystal
display device, we have dissolved each of the photo-
initiating agent, a reactant dilution agent, and a coupling
agent contained in the sealing material 3 in liquid crystal
5b, and measured the degree of conduction of liquid crystal.

[0024]

In addition, IRUGA cure 651 by Japan Ciba-Gaigi Co.,
Ltd (referring to Japanese Patent Laid Open No. 09-073075)
was used as a photo—initiating agent, Ec-A by the Kyoeisha
Chemistry Co., Ltd was used as reactant dilution agent, and
KBM403 by Shin-Etsu Chemical Co., Ltd. was used as a
-coupling agent, respectively. The obtained measurement
result is shown in Table 2.

{0025]
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[Table 2]
Degree of conduction of impurity material (S)
Photo-
. initiating Reactant .
Concigti?tlon agent dilution agent Couﬁigggog?ent
° (IRUGA cure (Ec-A)
651)

-12 -12 o

0 3.83X 10 3.83X 10 3.83X 10

0.03 7.63X107? 3.88X 107% 5.56X 107

0.10 9.43X 10712 3.32X 1072 3.16X 10712

R
0.50 2. 04X 10 7.24X107" 3.26X107*

Table 2 ;hows that a photo-initiating agent affects
greatly on the degree of conduction of 1liquid crystal.
Therefore, even if the ingredient of the sealing material 3
is melted out into liquid crystal by mixing with an photo-
initiating agent in liquid crystal 5b beforehand, and making
ion concentration within a panel side uniform, the ion
concentration of only the peripheral part of the seal
material 3 will not be able to increase, therefore display
spots in the 1liquid crystal degradation portion 7 can be
prevented.

[0026]

Moreover, as shown in Fig. 2, since the gap b between
the openings 8a and 8b of a mask is larger than the coating
width a of the sealing material 3 and the cléarance c
between a 1liquid crystal cell and a mask is large, when

ultraviolet 1 is irradiated, the leak of the ultraviolet 1
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from openings 8a and 8b may affect them by degrading liquid
crystal 5b; Here, the concrete values are a= 1lmm, b= 5mm,
and c= 1~2mm.

[0027]

The relation between the degrees of conduction of

ultraviolet 1 and liquid crystal 5b is shown in Table 3.

[0028]
[Table 3]
Illumination Degree of Conduction (M s)
time Wavelength
TR
(sec) A = 350
5 0.29
50 0.41
180 0.56
270 0.62

As shown in Table 3, if the ultraviolet is irradiated
on the liquid crystal 5b, the degree of conduction thereof
will become high. Accordingly, threshold differences arise
in the areas in which ultraviolet are irradiated inside the
surface of panel that ultraviolet "1 are not irradiated on
liquid crystal 5b and around the openings 8a and 8b of the
mask 6 that ultraviolet 1 are irradiated on liquid crystal
5b, and they seem to be spots.

[0029]

Thus, in the manufacturing method of the conventional

liquid crystal display device, the melting. out into liquid
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crystal of the sealing material by contacting the sealing
material with the liquid crystal, the ultraviolet
illumination on the liquid crystal by a mask declination or
a mask degradation in setting the sealing material, or the
melting out a photo-initiating agent in the sealing material
by non-setting the sealing material makes the display non-

uniform in the peripheral part of sealing material.

[Embodiments]

In this embodiment, as shown in the above Fig. 1, it
differs from the above-mentioned example of cpmparison in
that a mask 6 is not used at the time of setting of the
sealing material 3 and a liquid crystal cell is filled up a
liqguid crystal having a special composition.

[0030]

In detail, a liquid crystal cell is formed by the
laminating method like the above example.- of comparison. At
this time, liquid crystal 5a laminated on the cell is mixed
with the photo-initiating agent such as a photo-initiating
agent contained in the sealing material 3. In the produced
liquid crystal cell, ultraviolet 1 are irradiated over whole
surface of the cell without using a Hmsk, and the sealing
material 3 is set.

[0031]

‘Thus, by performing ultraviolet irradiation over whole
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surface of a liquid crystal cell, it always becomes possible
a concrete setting of the sealing material because there is
no influence of mask declination etc. Moreover, the state
of the liquid crystal of the whole cell becomes uniform by
irradiating ultraviolet 1 over the whole surface of a panel,
and the degree of conduction in a -surface can be made
uniform. In additioﬁ, preferably the concentration of the
photo-initiating agent beforehand mixed in liquid crystal 5a
become equal to the - concentration of the photo-initiating
agent which is melted out in liquid crystal 5$ from the seal
material 3 in the peripheral part of the sealing material 3.

[0032]

In order to investigate the concentration of an
effective photo-initiating agent, the relation between the
concentration of a photo-initiating agent and the generating
time of display spots was investigated. The obtained

measurement result is shown in Table 4.

[0033]

[Table 4]

Concentration of an
photo-initiating
agent
(wt%))

Generating time of
display spots
(hour)

0 100
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1.0 100
3.5 100
10.0 300

If the concentration of photo-initiating agent in
liquid crystal is made into about 10wt% as shown in Table 4,
the time to display spot generating can be extended to about
3 times comparing with the case where the photo-initiating
agent is not being put in. In addition, since, if a photo-
initiating agent is mixed so much to liquid crystal 5b as
mentioned above, then threshold value is increased and also
the mask 6 will not be used as mentioned above at the time
of ultraviolet-rays irradiation and ultraviolet 1 are
directly irradiated on the 1liquid crystal 5a as mentioned
above, it is expected that degradation qf liquid crystal 5a
is notably occurred.

[0034]

However, since only the peripheral part of sealing
material is not non-uniformly displayed locally, but the
whole liquid crystal is uniformly displayed, the generation
of a local abnormal part can be prevented. Accordingly, it
is possible to realize the liquid crystal display device
from which a uniform display guality is obtained by
preventing overall display non-uniform of a display screen.
Moreover, at the time of performing ultraviolet irradiation

in setting the seal material, the mask alignment equipment
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can be omitted, and simplification of a process can also be
realized.

(0035]

[The effect of invention]

As mentioned above, according to the manufacturing
method of the liquid crystal display device of the invention,
by considering the liquid crystal display device filled up
with the 1liquid crystal which mixed with the photo-
initiating agent contained in photo-setting sealing material,
the concentration of the ionicity substance in liquid
crystal can be made uniform, and the liquid crystal display
device having a uniform display can be realized over the
whole surfacé of a display screen without non-uniformity of
the display in a peripheral part of sealing material.

[0036]

Moreover, on the occasion of 1light irradiation, by
irradiating ultraviolet over the whole surface of a liquid
crystél cell not through a mask, it is possible to
completely set the sealing material, and a display
degradation by melting out of the photo-initiating agent
contained in sealing material or a non-uniformity of the
display in the peripheral part of sealing material can be
prevented.

(Brief Description of the Drawings]

[Fig. 1]



2000-292799.doc 21 -

Fig. 1 shows an ultraviolet irradiation onto the liquid
crystal according to an embodiment of the invention.
[Fig. 2]
Fig. 2 - shows an ultraviolet irradiation onto the
conventional liquid crystal cell. '
[Réference Numerals]
1: ultraviolet
2: substrate
3: sealing portion
4: spacer
5a, 5b: liquid crystal
6: mask

7: liquid crystal degradation portion
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